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1 
The chemical control of weeds bas been investi- 
gated by numerous workers during .recent years. 
For the most part, their investigations bave been 
concerned with total weed elimination, such as 
required on the banks of irrigation canais and the 
like. For this and similar situations, chemical 
agents having a substantially permanent herbi- 
cidal effect are preferred, such as pentachloro- 
phenol. More recently, a development in weed 
control bas been considered which is arbitrarily 
referred fo as "pre-emergence weed killing." By 
this terre is meant the elimination of weeds from 
a planted agricultural area prior to emergence 
of the desired crop. In this type of weed con- 
trol, .an entirely different set of requirements 
exist for the agent to be applied to the weeds. 
In ortier to prevent damage to the crop when or 
after it germinates and emerges from the soil, 
it is necessary that the herbicide perform 
weed-kflling functions and then be either re- 
moved or otherwise converted to a non-phyto- 
toxic material. Pre-emergence weed killing is 
especially valuable in the large scale cultivation 
of crops such as sugar beets and vegetables. 
At the present rime, agents which might be 
used 'for pre-emergence weed killing are either 
partially ineffective, too expensive for industrial 
applications or bave a detrimental residual 
fect upon the emerging crop. For example, penta- 
chlorophenol may be applied fo weeds in a hy- 
drocarbon solvent, following which the hydro- 
carbon evaporates leaving a solid deposit of penta- 
chlorophenol. Upon emergence of the crop, the 
presence of the toxic agent weed killer bas been 
round to stunt or even kfll the crop and, there- 
fore, cannot be used in many instances or must 
be nsed under strictly controlled operating con- 
ditions. 
The application of hydrocarbon oils containing 
substantial amounts of aromatic hydrocarbons is 
one method of controlling weed growth. In order 
for hydrocarbon weed killers fo be effective, they 
must be applied in amounts in excess of about 
50 gallons per acre; and in order to insure a total 
kflling, the aromatic content of the hydrocarbon 
nsually must be over 25 %. 
If is an object of the present invention fo im- 
prove methods of crop cultivation. Itis another 
object of the present invention fo provide an im- 
proved process for weed control. If is a specific 
object of the present invention fo provide a pre- 
emergence weed-kflling composition which de- 
posits no residual toxic substance on or in the 
soil. If is a further object of the present inven- 
tion fo provide an improved weed-killing com- 
position effective when applied in relatively small 
amounts. Other objects will become apparent 
during the following discussion. 

2 
Now, in accordance with the present invention, 
if has been round that the herbicidal effective- 
ness of aromatic-containing hydrocarbon ofls is 
clearly improved by the ,addition thereto of a 
5 certain class of substituted phenols as more fully 
defined hereinafter. In the following discussion, 
wherever the terre "phenols" is employed, if will 
be understood that the class referred to includes 
especially hydrocarbon:substituted phenols con- 
10 taining af least 14 carbon atoms and bearing af 
least one hydrocarbon substituent having 8 or 9 
carbon atoms. - 
Still in accordance with the present invention, 
it bas been round that the combination of this 
15 class of phenols with aromatic-containing kero- 
serte and/or diesel off fractions or mixtures there- 
of, providis a new mithod of pre-emergence weed 
kflling wherein the composition is applied to the 
weeds prior to the emergence of a crop. After 
20 application to the weeds, the hydrocarbon off 
eVaporates leaving a deposit of phenols which 
in the absence of the off bas been round to be 
relatively non-toxic to the emerging crop. 
The phenols useful in the composition and 
25 process of the present invention preferably con- 
tain from 14 to 20 carbon atoms, since it has been 
round that phenols of greater or less carbon con- 
tent are relatively ineffective for the present pur- 
poses. An additional criterion which the phenols 
30 should possess is a minimum water solubility of 
0.0003 g. per 100 g. of water af 20 ° C. While max- 
imum water solubflity does hot appear to be lim- 
ited according to the data available af the pres- 
ent rime, this property is more or less limited 
by a corresponding requirement that the phenols 
35 must be soluble in the aromatic oils describid 
hereinafter. The properties of solubility and car- 
bon content as defined above should result in a 
phenol having a spreading pressure preferably 
40 greater than 15 dynes per centimeter. Spreading 
pressure has been defined by Harkins and Liv- 
ingston, J. Chem. Phys., 10, 342 (1942). 
While the broadest concept of the present in- 
vention is the use of phenols having 14 to 20 car- 
45 bon atoms in conjunction with the aromatic ofls, 
if. bas been round that the most effective phe- 
nols for the present purpose bave from 14 to 15 
carbon atoms and preferably contain an aikyl 
radical in a position para to the phenolic hy- 
50 droxyl. 
The phenols contemplated for use in the pres- 
ent compositions and process may bear either 
saturated or unsaturated hydrocarbon substitu- 
ents, although preferred substituents include ai- 
55 kyl and cycloalkyl substituents having 8 or 9 car- 
bon atoms. Whfle the hydrocarbyl substituents 
may be in either the ortho, meta, or para posi- 
tions, it bas been round that phenols bearing a 
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particularly effective, espe- 
said substituent is an alkyl radical 
if has been noted that branched alkyl 
dicals tend to impart greater ef[ectiveness 
 %hese herbicidal compositions. 
If has been round that the use. of these phe- 
nols in an aromatic mineral oil, such as defined 
hereinafter, produces a herbicidal composition 
having the required dual characteristics of- high 
herbicidal activity while the comlosition remains 
intact and relatively no phytocidal activity on 
plants after their emergence and after the off 
has evaperated. In the relatively small amounts 
required these phenols are subsçantially harmless 
fo all forms of established plant lire in the ab c 
sence oï hydrocarbon oil but bave been round 
to improve the herbicidal chaxacter of aromatic 
containing oils fo a remarkable degree. 
The following list of specïfic: phenols illustrates 
the scope- of the invention in. its, most preferred 
aspects. It will be understeod that the species 
hereinafter enumerated are merely typicaI oï 
the classes which may be employed and in view 
thereof, they should be only considered as lim- 
iting the scope of the invention within the gen- 
eral requirements and limitations, set, forth,here- 
inbefore. 
The following monoalkyl phenols- are the pre- 
ferred class oï phenols for use in these composi- 
tions. More especially as outiined above, para- 
monoalkyl phenols are preferred, particularly 
when the alkyl group has a branched configura- 
tion. 
M ono-aZl¢yl phenols 
n-Octyl phenols 
Isooctyl phenols 
3,5-dimethylhexyl phenols 
2,2,4-trimethylamyl phenols 
Nonyl phenol mixtures derived by alkylating phe- 
nol with propylene trimers 
The mixed alkylphenols may be derived by al- 
kylation of phenol with lower olefin potymers 
such as propylene polymers to form monohy- 
droxyphenyl-substitute d alkanes. The monohy- 
droxyphenyl-substituted alkanes here. contem- 
plated preferably should bave flore 6 to 12 car- 
bon atoms in the alkane chain. As respects chain 
structure, the alkane.skeleton sh0uld be substan- 
tially that of acyclic propylene polymers. The 
fotlowing is a typicaI structure, where m in an 
integer ïrom 0 te 2: 

E_CH -l 

H 
CH--C--CH 
DialkyI phenols are also suitable for use in the 
subject compositions. Preferably, these axe 2,4- 
dialkyl or 2,6-dialkyl phenols and especially 
those species bearing at least one branched alkyl 65 
radical in either the 2, 4 or 6 positions. Exam- 
ples of such dialkyl phenols are 2-tert-butyl-4- 
n-octyl phenoI and 2-n-octyl-4-methyl phenol. 

ethyl-6-isoocty.1 phenol, 2,6-dimethyl-4-(3,3,4- 
trimethylamyl) phenol, and 2,-dimethyl-6- 
(3,5-dimethyLheptyl) phenoL 
While tetraalkyl phenols are hot as efïective as 
5 other types of ulkylated phenols they may be 
used if. one of the alkyl substituents bas 8 car- 
bonatoms. 
An example thereof is 2,3,6-trimethyl-5-(3,5- 
dimethylhexyl), phenol. 
I0 While the aliphatic substituted phenols bave 
been founà to bave the greatest effectiveness for 
use in the present compositions, cycloalkyl phe- 
nols may be used. Examples of such cycloalkyl 
phenls are 2-ethylcyclohexyl phenols and 2,5- 
15 dimethylcyclohexyl phenols. 
The oils to be used in the present herbicidal 
compositions should contain ai least 10% ,by 
weight of aromaic hydrocarbons expressed as 
100% minus the percent of "unsulïonatable resl- 
2o dues." Preferably, the aromatic content is be- 
tween 1% and. 40% by weight, and optimum re- 
sults are obtained if the oil contains between 
10.% and 25% aomatics, 
The boiling range of the. aromatic oii will 
25 depend upon the specific application conditions, 
such as temperature and rate af. which the oil 
must evaporate. Under most agricultural con- 
ditions, if. wilI be round that oils boiling in the 
kerosene and diesel, oil range will be satisactory; 
30. hence, initial boiling points of above about 275 ° 
F.. and. final boiling points of below about 550 ° F. 
or slightly higher are required. A preïerred oil 
is one having a boiling range of Iess than about 
100 ° F., preferably having an initial.boiling point 
35 of 300 ° 1 . and a final boiling point of 400 ° F. 
Ototimum results axe obtained when the il boils 
between about 315 ° and 390 ° 1 . Oils falling 
within these requirements generally bave a vis- 
cosit of less than 30 and preferably between 10 
40 and 25 seconds Saybolt Universal at 100 ° F. A 
typical aromatic oil useïul where normal agri- 
cultural temperatures are encountered bas the 
following propertes: 
IBP .............................. °F__ 320 
45 FBP .............................. °F__ 384 
D ............. : .................... 1.4490 
Density at 20 °c ........................ 0.8054 
Aromatics ................... per cent__ 12.6 
Naphthenics .................... do .... 38.0 
50 Olenns ........................ =do .... 0.0 
Paraffins ....................... do .... 49.4 
Carbon ......................... do .... 86.64 
IIydrogen ...................... do .... 13.49 
Sulfur .......................... do .... 0.01 
55 li%rogen ....................... do .... 0.06 
The compositions comprising the phenols and 
axomatic oil contain a suhstantial amount of the 
phenol in the most concentrated form of the 
60. invention, and in the most dilute effective com- 
positions about 0.25% by weight of the phenol is 
present. If will be realized that compositions of 
this character will be marketed as concentrates 
containing from 10% to 60% by weight of the 
phenol and preferably between 40 % and 55% by 
weight of the phenol. When used for field appli- 
cation, however, such concentrates should be 
diluted with additional amounts of the aromatic 

Trialkyl phenols may be employed in the aro- oil to give compositions having at least 0.25% 
matic oils described hereinafter. The preferred 7O ,phenol and preferably 0.5% phenol minimum. 
contigu.ration of this tyPe of phenol includes , The effective field application, depending upon 
trialkyl phenols having at least one branched the exact condition encountered, may require 
alkyl substituent, said substituent being,in, either concentrations up to 5 % by weight of the phenol, 
theor 6position. and optimum concentrations are between 1% 
Examples of such trialkyl phenols are 2,4-di- 75 and 2.5 % of the phenol. 
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While the compositions may be sprayed in the 
ïorm of the unmodified solution, ïurther alter- 
native means of application comprise application 
to weeds in the form oï an emulsion. The 
pheno]s comprising the essential improving 
agent in this invention act as temporary emulsi- 
fying agents so that in many instances the use 
of additional emulsifiers or emulsion stabilizers 
is unnecessary. However, if more stable emul- 
sions are required, any of the well-known emulsi- 
fying agents may be employed. Typical of these 
are sorbitan monolaurate, sorbitan monooleate, 
sodium alkyl aryl sulfonate, sodium aryl sul- 
fonate, free alkylated kerosene sulfonic acids, 
quaternary ammonium compounds and higher 
molecular weight amines, such as octadecyl- 
amine and heptadecenyl hydroxyethyl glyoxali- 
dine. 
Whfie the compositions, as defined hereinbe- 
fore, provide maximum weed control, other 
agents may be added to the compositions fo ex- 
tend their effectiveness or to synergize therewith. 
These include agents such as sodium trichloro- 
acetate, isopropylphenyl carbamate and maleic 
hydrazide. 
The process of the present invention comprises 
the steps of spraying an area which has been 
planted with crop seeds but from which weed 
plants have already emerged with the acid and 
aromatic hydrocarbon compositions defined 
above. The spraying is conducted ai such rime 
and under such conditions that the hydrocarbon 
off evaporates fo a large extent before the crop 
germinates and emerges from the ground or ai 
least before stomata development in the emerg- 
ing crop leaves. 
Preferably, application of the compositions 
defined should be ruade on hot, humid days and 
in ïull sunlight. The latter preïerred conditions 
are those under which the stomata are dilated 
fo the maximum extent. The worst type of con- 
ditions would comprise application on cold, dry 
overcast days or during the laie afternoon or 
evening. If the penetrating agents were not pres- 
ent, the weed kill is relatively low. ttowever, 
when the compositions of this invention are 
employed, highly effective kill is accomplished 
even under these adverse conditions. 
Dependent upon the agent and size of the weeds 
and other conditions, the above compositions 
should be applied in amounts ranging from about 
15 to 50 gallons per acre, whfle effective weed con- 
trol is generally gained by the use of P,0-35 gallons 
per acre. If wiH be realized that sraaller amounts 
of the compositions may be used if aqueous emul- 
sions are employed but that in such a case, 
creased amounts of a phenol may be required. 
Preferably, application oï the composition is 
ruade fo the weeds when they are small, since 
large weed plants require a correspondingly 
greater amount of herbicidal compositions for ef- 
fective coverage. The ïollowing example illns- 
fraies the effectiveness of the present composi- 
tions. 

Example 

6 
tained. The following table fllustrates the re- 
sults obtained in these experiments. 

Minimum toxic 
Phenol Concentration 
in percent 

para-tert-butyl phenol ............................. 
3,3-dimethyl-3 (para-hydroxyphenyl) propane ....... 
2,2,4,4-tetramethyl-4 (para-hydroxy-phenyl)butane._ 
mixed para-nonyl phenols .......................... 
10 mixed para-dodecyl phenols ........................ 
3,3-dimethyl-3 (ortho-hydroxyphenyl) propane ..... 
2,4-dimethyl-6-tert-butyl phenol .................... 
para-cyclohexyl phenol ............................. 
rtho-phenyl phenol ............................... 
r, ara-phenyl phenol ................................ 

15 

1 
1 
0.5 
0.5 
2 
1 
2 
2 
1 
1 

A kerosene having about 10% aromatic con- 
tent was sprayed on plants fo determine ifs 
phytocidal activity. It was round that while the 
off injured the leaves fo a limited extent, no 70 Number 
major toxic effect was exhlbited. When the 7927/32/ 
phenols listed below were diææolved in the saine 
oil and applied to plants as a vapor spray in con- 

The invention claimed is: 
1. A herbicidal composition comprising a major 
amount of a hydrocarbon oil boiling between 300 
and 400 ° P. and having at least a 10% aromatic 
content and having a minor amount of 2,2,4,4- 
20 tetramethyl-4 (para-hydroxyphenyl) butane. 
2. A herbicidal composition comprising a major 
amount of a hydrocarbon off boiling between 
300 and 400 ° F. and having ai least a 10% aro- 
matic content and having a minor amount of 
25 mixed para-nonyl phenols. 
3. A composition of marrer comprising a major 
amount of a hydrocarbon off having at least a 
10% aromatic content, said off boiling within the 
30 range from about 275 ° F. fo about 550 ° F., and a 
minor amount of a hydrocarbon substituted 
phenol in which the hydiocarbon substituent bas 
from 8 fo 9 carbon atoms. 
4. A composition of marrer comprising a major 
amoun* of a hydrocarbon off having ai least a 
35 10% aromatic content, said off boiling within the 
range from about 275 ° F. fo about 550 ° F., and a 
minor amount of an alkylated phenol having a 
para-alkyl substitutent of from 8 fo 9 carbon 
atoms. 
d0 5. A composition of marrer comprising a hy- 
drocarbon off having ai least a 10% aromatic 
content, said off bofling within the range from 
about 270 ° F. fo about 550 ° F., and an amount suf- 
ficient fo improve the herbicidal properties of 
,15 said composition of an octyl phenol. 
. in a process for kflling weeds wherein the 
weeds fo be killed have emerged from the soil 
prior fo emergence of a crop, the steps which 
comprise applying fo said weeds a composition 
50 comprising a major amount of a hydrocarbon off 
boiling between 275 and 500 ° F. having ai least 
a 10% aromatic content and a minor amount 
suflïcient fo improve the herbicidal properties of 
said composition of a hydrocarbon substituted 
55 phenol in which the hydrocarbon substituent bas 
from 8 to 9 carbon atoms. 
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